The use of chromosome analysis on products of conception from spontaneous abortions is recommended to identify a genetic etiology. However, 20% of products of conception cultures are unsuccessful due to microbial contamination or lack of viable dividing cells. Our laboratory implemented a reflex fluorescent in situ hybridization (FISH) assay to detect numeric chromosome abnormalities for unsuccessful cultures. Materials and Methods: All products of conception samples were simultaneously processed for both chromosome analysis and FISH analysis. If the chromosome analysis was unsuccessful, interphase FISH was performed for chromosomes 13, 16, 18, 21, 22 , X, and Y. To assess the performance of the FISH assay, a 3-year retrospective comparative analysis of the FISH results versus chromosome results was performed. Results: Of 5555 total specimens, 4189 (75%) represented chorionic villi/fetal tissue and 1366 (25%) represented tissue of unidentified origin. Of the 1189 tissues of unidentified origin with chromosome or FISH results, 1096 (92%) were XX, indicating that the majority of these tissues are likely maternal in origin. Of the 3361 successful chromosome studies on the chorionic villi/fetal tissue specimens, 1734 (52%) samples had a chromosome abnormality. Of the 762 successful FISH studies on chorionic villi/fetal tissue specimens that were unsuccessful by chromosome studies, 181 (25%) had an abnormal result with the targeted FISH panel. Overall, the FISH panel detected approximately 70% of the chromosome abnormalities in products of conception detectable by karyotype. When the FISH panel results were combined with chromosome analysis for the 4189 chorionic villi/fetal tissue specimens, the overall abnormality rate is 47%. Conclusions: Our reflex FISH assay proved useful for the detection of common chromosome aneuploidies in products of conception samples that failed conventional chromosome analysis. Because of its limited view of the genome, cautious interpretation of FISH results is required for all samples, in particular, trisomy of an acrocentric chromosome, which may represent a Robertsonian translocation. An algorithmic approach to the genetic evaluation of products of conception specimens, with the potential for initial evaluation by a FISH panel, may be warranted. Genet Med 2011:13(6):545-552.
T he estimated maximum likelihood of achieving a pregnancy is 30 -40% under optimum conditions. [1] [2] [3] Given such a low fecundity, it is not surprising that at least 15-20% of clinically recognized pregnancies result in a spontaneous abortion (SA). 2 Determining the genetic cause of a miscarriage, the recurrence risk, and chances for a subsequent successful pregnancy impact family planning, management of future pregnancies, and may alleviate feelings of guilt or inadequacy related to the pregnancy loss. Numerous etiologies of SA have been identified, including infection, maternal endocrine imbalances, abnormal uterine anatomy, immunological disorders, and fetal genetic defects.
The most common cause of early pregnancy loss results from a chromosomally abnormal conceptus, accounting for 32-60% of all SA. 4 -12 Upward of 96% of the chromosomal defects are due to numerical abnormalities, with monosomy X, triploidy, and autosomal trisomy being the most common. 13 Chromosome analysis, which requires dividing cells, is the current gold standard for genetic evaluation of products of conception (POC).
Chorionic villus is the tissue of choice, but fetal tissue (i.e., muscle/skin biopsy) or placental tissue may be studied. However, as fetal tissue may be retained in utero for several days or weeks after the fetal demise, the tissue may be autolyzed and unresponsive to standard culture methods. In addition, microbial contamination may impede cell division processes. As a result, approximately 20% of all POC cultures fail to produce a successful chromosome study.
Several alternative assays have been used to evaluate POC genetics, including comparative genomic hybridization (CGH), 14, 15 array CGH, 16 -21 quantitative fluorescent polymerase chain reaction (PCR), 22 multiplex ligation-dependent probe amplification (MLPA), 14, 15 and fluorescent in situ hybridization (FISH). [23] [24] [25] [26] These techniques circumvent the need for dividing tissue and can be readily integrated in the clinical laboratory setting.
To improve the success rate of POC analysis in our laboratory, we implemented a reflex FISH assay to detect common numeric chromosome abnormalities from unsuccessful cultures. All POC samples received in the laboratory were simultaneously processed for both chromosome analysis (cultured) and FISH analysis (uncultured). On an unsuccessful chromosome analysis, an interphase FISH assay consisting of probes for chromosomes 13, 16, 18, 21, 22 , X, and Y was performed on the uncultured fixed-cell pellet. Using this algorithm during a 3-year period, our laboratory attempted 5555 POC chromosome analyses of which 943 were subsequently analyzed by our reflex FISH panel test. Herein, we report our findings of a retrospective analysis comparing FISH results with chromosome results for this patient cohort.
MATERIALS AND METHODS

Study design
After Institutional Review Board approval, we conducted a retrospective review of the Mayo Clinic Cytogenetics Laboratory database to identify all POC chromosome and reflex FISH analyses from October 2002 to October 2005. We reviewed the chromosome and FISH results along with tissue type studied. As most of the specimens were referred to our laboratory with a limited amount of clinical data, we were not able to include data on the gestational age, relevant history including recurrent pregnancy loss, use of reproductive assisted technologies, or whether samples were due to elective versus SAs.
Specimen preparation
Tissues were transported to the laboratory in Hank's balanced salt solution. Using a dissecting microscope, the tissue was cleaned and placed in tissue wash solution (antibiotic/antimycotic) overnight at 37°C. The tissue was minced with a sterile scissors and treated for 30 -40 minutes with collagenase type V Sigma (1 mg/mL; 2 mL used for approximately 20 mg of tissue). The tissue was then suspended in Hank's balanced salt solution, centrifuged, aspirated, and resuspended with Chang/Minimum Essential Media alpha working solution. Approximately 0.5 mL of this suspension was removed for future interphase FISH analysis. The remaining cell suspension was grown on no. 1 1 ⁄2 22 ϫ 22 mm coverslips in 35 ϫ 10 mm Petri dishes (in situ cultures) at 37°C with 5% CO 2 , 5% O 2 , and 90% N 2 . The cultures were harvested using a Tecan robotic harvest system MiniPrep75™ using the standard method for in situ cultures. 27 The coverslips were dried in a Thermotron Slide Drying Chamber CDS-5™. 28 After slide drying, the slides were submerged in a trypsin working solution followed by a water rinse. Next, the slides were stained with Leishman's stain followed by a brief water rinse. Each specimen had 20 -30 metaphase cells analyzed by conventional cytogenetic techniques.
For interphase FISH, 5 mL of sodium citrate hypotonic solution (0.6%) was mixed with the aliquoted 0.5 mL cell suspension. If the culture media was from the first media change, the suspension was centrifuged for 8 minutes at 1000 rpm and removed before the addition of the hypotonic solution. Two milliliters of 2:1 methanol:glacial acetic acid fixative was added to the suspension, mixed, centrifuged for 8 minutes at 1000 rpm, and aspirated followed by the addition of 10 mL fresh fixative. The specimen was stored at Ϫ20°C until needed.
If the chromosome analysis was unsuccessful, the FISH specimen was removed from Ϫ20°C and allowed to warm to room temperature. The suspension was centrifuged for 8 minutes at 1000 rpm, the supernatant aspirated, followed by the addition of 10 mL fresh fixative. The suspension was centrifuged for another 8 minutes at 1000 rpm followed by the aspiration of supernatant down to 0.5-1.0 mL depending on the pellet size. The cell suspension was then dropped onto four Fisherbrand Fluorescent Antibody Slides with two 15 mm circles in a Thermotron Slide Drying Chamber at 25°C and 50% relative humidity.
FISH protocol
Two slides were aged for 30 minutes in a 65°C oven. The slides were then immersed in a 2ϫ standard saline citrate (SSC) at 37°C for 30 minutes, digested in a 0.9% NaCl pepsin working solution (160 mg pepsin/40 mL 0.9% NaCl) (pH 1.5) at 37°C for 13 minutes, and immediately rinsed in phosphate buffered solution for 5 minutes at room temperature. Next, the slides were immersed in 1% formaldehyde and phosphate buffered solution at room temperature for 5 minutes each. Slides were dehydrated in 70%, 85%, and 100% ethanol for 2 minutes each at room temperature and air dried.
Commercial probes (Abbott Molecular, Abbott Park, IL) were used for the centromere of chromosome 16, a locus-specific probe for chromosome 22 (the bcr gene region), and the AneuVysion™ kit, which consisted of centromere probes for chromosomes X, Y, and 18, and locus-specific probes for chromosomes 13 and 21. The three probe sets, X;Y;18, 13;21, and 16;22, were applied to three separate hybridization targets, coverslipped, and rubber cemented. The slides and probes were codenatured at 73°C for 5 minutes and hybridized overnight in a 37°C humidified oven. After hybridization, the slides were subjected to a posthybridization wash in 0.4ϫ SSC for 2 minutes at 74°C and then rinsed in 2ϫ SSC/0.1% NP-40 for 2 minutes at room temperature. Slides were stained with 4Ј-6,-diamidino-2-phenylindole and antifade compound (Vectashield) and were coverslipped.
Chromosome and FISH analysis criteria
Cytogenetic analysis was carried out in the Mayo Clinic Cytogenetics laboratory. G-banded slides were analyzed, and all karyotypes were described according to the International System of Human Cytogenetic Nomenclature.
The FISH slides were evaluated using a Leica fluorescent microscope equipped with an appropriate filter wheel and cubes to visualize the SpectrumOrange™, SpectrumGreen™, SpectrumGreen/SpectrumOrange™, and SpectrumAqua™ fluorophores. Two technologists each scored 100 consecutive nonoverlapping nuclei (200 total). After the analysis, the results for both scorers were combined, and the percentage abnormal nuclei were calculated. Normal cutoffs, which were previously established in our laboratory (data not shown), were then used to determine whether the sample was abnormal. The normal cutoffs for trisomy of chromosomes 13, 16, 18, 21, 22 , X, and Y were 3%, 8.5%, 6%, 4.5%, 7%, 10%, and 10%, respectively. Monosomy X and triploidy/tetraploidy had normal cutoffs of 20% and 5%, respectively.
RESULTS
Tissue type and abnormality rates
Each sample source was identified to the best of our ability and grouped into chorionic villi, fetal tissue, or unidentified tissue (Table 1) . Chorionic villi had the highest success rates of 90% and 96% for chromosome and FISH analyses, respectively. A marked difference, 37% vs. 95%, for fetal tissue success rates was observed by chromosome and FISH analyses, respectively. Both methods had 85% success rates for unidentified tissue. Abnormality rates for chromosome and FISH studies, respectively, were highest for chorionic villi (55% and 36%), followed by fetal tissue (17% and 17%), and unidentified tissue (9% and 15%).
Gender comparison of tissue types for normal results
XY:XX sex ratios for normal samples were computed for both chromosome and FISH analyses (Table 2) . When comparing XY:XX sex ratios by tissue type for chromosome studies, chorionic villi had a sex ratio of 1.00, fetal tissue had a sex ratio of 1.1, and unidentified tissue had a sex ratio of 0.05. For FISH studies, XY:XX sex ratios were 1.0 for chorionic villi, 1.1 for fetal tissue, and 0.42 for unidentified tissue. As the sex ratios for both chromosome and FISH results on unidentified tissue strongly indicate that the majority of this tissue is likely maternal, these 1366 samples have been evaluated separately in several subsequent analyses.
Chromosome and reflex FISH results summary
Chromosome analysis in chorionic villi and fetal tissue specimens was successful for 3361 (80%) samples and identified an abnormality in 1734 (52%) samples (Fig. 1 ). Of the 828 (20%) unsuccessful chorionic villi/fetal tissue samples, 762 were subsequently studied by FISH. Further study of 66 samples was not performed because of either lack of client consent or an insufficient sample. Of the 762 chorionic villi and fetal specimens studied by FISH, a successful analysis was achieved for 727 (95%) samples, and an abnormality was identified in 181 (25%) samples. When the results for chromosome analysis and FISH were combined for the chorionic villi/fetal tissue samples, an abnormality was detected in 1915 of 4088 (47%) successfully analyzed samples.
Unidentified tissue accounted for 1366 (25%) of the total 5555 POC samples evaluated. The overall XY:XX sex ratio for these samples is 0.08 (92% XX and only 8% XY), demonstrating that the overwhelming majority are likely maternal in origin. This assertion is supported by the lower chromosome abnormality rate (9%) and the lower FISH abnormality rate (15%) for these unidentified tissues (Fig. 1 ).
Abnormal chromosome and FISH result distribution
All 2040 abnormal results were grouped into broad categories listed in Table 3 . Pure trisomy, monosomy X, triploidy, and tetraploidy were the most prevalent abnormalities identified by chromosome analysis and FISH. Despite a different tissue composition studied by FISH (i.e., more fetal tissue), similar percentages were observed for the aforementioned abnormalities with the exception of triploidy (12% for chromosome analysis vs. 22% for FISH). Pure trisomy was the most common abnormality detected by both methods followed by monosomy X and triploidy. Forty-nine cases of double trisomy were detected by chromosome analysis (previously published by MiCale et al. 29 ), and only one case was detected by FISH. Single cases each of triple and quadruple trisomy were also observed. Of the 17 autosomal monosomies observed, 14 cases were monosomy 21. Sixty-one of the 92 structural rearrangements were unbalanced. Of the 61 specimens, the chromosome abnormalities included 27 additions, 19 derivatives, five recombinants, three deletions, three isochromosomes, one marker, one duplication, and one case with both structural and numeric abnormalities. Of the 31 balanced rearrangements, there were 23 translocations and eight inversions. Twenty-six of the balanced rearrangements were XX, whereas five cases (three translocations and two inversions) were XY.
Chromosome and FISH trisomy results
The number of samples observed with a single trisomy by chromosome (n ϭ 1074) and FISH (n ϭ 108) analyses is detailed in Table 4 . The three most prevalent trisomies identified by chromosome analysis were chromosomes 16 (23.7%), 22 (14.9%), and 21 (13.1%). At least one case of each autosomal trisomy was observed, with the exception of chromosome 1. For FISH, the three most prevalent trisomies were chromosomes 21 (37%), 18 (22.2%), and 16 (14.8%). Sex chromosome trisomies observed by both chromosome analysis and FISH totaled three cases of XXX and four cases of XYY. No significant gender difference for any trisomy was observed (data not shown).
Robertsonian translocations
Forty-three Robertsonian translocations (RTs) were detected by chromosome analysis (Table 5 ). Of these, 30 were unbalanced, thus contributing an extra copy of an acrocentric chromosome. The most prevalent RT observed was the der (13;14) , which contributed to a gain of chromosomes 13 or 14, in five and six samples, respectively. The der(14;14) was the next most frequently identified translocation in six samples.
The number of samples detected by chromosome analysis with a pure acrocentric trisomy versus a RT trisomy is presented in Table 6 . A total of 552 acrocentric trisomies were defined by chromosome studies, including 522 pure trisomies and 30 due to RTs. Chromosome 14 had the highest number of trisomies due to a RT (28% of cases). The FISH panel evaluated only three acrocentric chromosomes, 13, 21, and 22, and a total of 66 trisomies were defined. Extrapolating from the chromosome studies regarding percent of acrocentric trisomies due to RTs, the FISH panel theoretically identified three acrocentric trisomies due to a RT.
DISCUSSION
Overview
The goal of this report is to describe our experience with a two-tier testing algorithm designed to improve the success rate for genetic analysis of our POC samples. It is well established that approximately 50% of first-trimester SA is chromosomally abnormal. 6, 8, 10, 30 Chromosome analysis is the current gold standard for detection of chromosome aberrations; however, approximately 20% of POC samples fail to yield a chromosome result due to culture failure, often attributable to microbial contamination or nonviable tissue.
To improve our success rate, our laboratory implemented a reflex FISH assay to detect common numeric chromosome abnormalities in POC samples with unsuccessful chromosome results. During a 3-year period, the use of our FISH panel on chorionic villi and fetal tissue specimens reduced the number of POC samples without genetic results from 762 to 35 (excluding 
POC tissue type and chromosome versus FISH analyses
Various tissue types from POC are submitted to cytogenetics laboratories, including chorionic villi, fetal tissue, and often, a tissue with an unidentifiable origin (accounting for 25% of samples in our series; Fig. 1 ). To improve success and abnormality rates, the use of only chorionic villi has been recommended 30 ; however, we continue to test fetal and unidentified tissue in an attempt to identify a genetic cause for the fetal demise. For fetal tissue specimens, the percent abnormal for both chromosome and FISH analyses was identical (17%). However, chromosome analysis produced a result in only 37% of fetal tissue samples, whereas FISH generated a result in 95% of fetal tissue samples. Thus, although our targeted FISH panel yields only a limited view of the genome, our study results indicate that panel FISH testing may be superior to chromosome analysis for the evaluation of fetal tissue.
Chromosome versus FISH analyses for abnormality detection
The specific abnormality frequencies observed by chromosome analysis (Table 3) were comparable with other large POC chromosome studies. 8,30 -35 Pure trisomy, specifically for chromosomes 16, 22, and 21 (Table 4) , monosomy X, and triploidy were the most prevalent abnormalities observed. Structural abnormalities were detected in 5% of all abnormal samples of which 65% were unbalanced.
The lower overall abnormality rate of 23% for our FISH panel can be explained by the sample characteristics (i.e., more fetal tissue and less chorionic villi) and the limited view of the genome provided by the FISH panel. Similar to chromosome analysis, the FISH panel found isolated trisomy to be the most frequent abnormality (53% vs. 58%, respectively; Table 3 ). However, FISH identified a higher percentage of samples than chromosome studies with monosomy X (21% vs. 14%, respectively) and with triploidy (22% vs. 12%, respectively). These differences seem to be due to mathematical variances because of a restriction of the abnormalities detectable by FISH. To verify this assumption, we removed the 30% of chromosome cases that were not detectable by our FISH panel, and then recalculated the percentage of chromosome cases with monosomy X (20%) and triploidy (17%). These revised percentages more closely approximate the percentages identified by our FISH panel, suggesting these two methods are similar in their evaluation of POC specimens for these genetic subgroups.
Our data showed an infrequent occurrence of sex chromosome trisomy. The sex chromosome trisomies of 47,XXX, 47,XXY, and 47,XYY were observed in three, zero, and four cases by chromosome analysis or FISH, respectively. The observance of these abnormalities at term is approximately 1 in 1000 infants of the appropriate gender. 36 Our POC data are not surprising as the overwhelming majority of these individuals have a very mild phenotype. Of interest, in a smaller study of 259 first-trimester miscarriages, Ljunger et al. 37 reported a 47,XXY karyotype in nine (3.4%) cases. Our data do not support a similar frequency of this abnormality, as a 47,XXY karyotype was not found in our total of 4088 chorionic villi/fetal tissue samples successfully analyzed for sex chromosome status by chromosome or FISH analysis. The reason for the discrepant percentages of 47,XXY cases between our studies is unclear, but other large POC chromosome studies were similar to our study with very few cases of 47,XXY identified. 36 Double trisomy accounted for approximately 3% of abnormalities observed (previously reported in the meta-analysis by Micale et al. 29 ). The sole double trisomy detected by FISH involved chromosomes X and 21. Because of the reduced number of chromosomes tested by our FISH panel, 37 of the 49 double trisomies detected by chromosome analysis would have been missed by FISH. Intuitively, if the testing algorithm used FISH first and identified a single trisomy, further analysis by chromosome studies may not have been performed and, thus, would have prevented the identification of the second trisomy. However, the finding of a second trisomy is generally not clinically relevant as the identification of the first trisomy likely explains the fetal demise.
Autosomal monosomies are infrequently observed in the prenatal setting. The severity of autosomal monosomy likely leads to very early SA, presumably precluding the genetic analysis of these samples. In our data, approximately 1% of all abnormalities were autosomal monosomies. Of these 17 samples, 14 had monosomy 21. However, as three cases were observed by FISH, it is possible that a more complex chromosome abnormality or a simple deletion of the chromosome 21 locus tested by FISH was identified. Our data are similar to that of Menasha et al., 30 where 11 of 13 autosomal monosomies involved chromosome 21. Monosomy 21 has also been described prenatally 38, 39 and in liveborns. 40 -45 The majority of these cases did not have molecular confirmation of true monosomy 21. In two cases, the retained chromosome 21 was determined to be of paternal origin implicating a maternal meiosis I nondisjunction event. 38, 39 The frequency of monosomy 21 vs. other autosomal monosomies in our series suggests a greater survival advantage for this autosomal monosomy.
Robertsonian translocations
RTs are identified in approximately 1 in 1000 newborns. 46 We identified 43 RT in our POC series, including 30 unbalanced cases resulting in an acrocentric trisomy, six balanced XY cases, and seven balanced XX cases. As six of the seven balanced XX RT results were derived from an unidentified tissue source (Table 5) , these results likely represent maternal tissue and will not be included in further evaluations of this dataset (see subsequent Discussion on maternal cell contamination).
Of the 36 POC specimens from chorionic villi or fetal tissue that had a RT, 15 were homologous RT and 21 were nonhomologous RT. Although parental follow-up was not available for most of our POC cases, the anticipated recurrence risk for the cases with homologous RT is extremely low, as these generally represent new mutations. Of the 21 nonhomologous RT, 14 were the common der (13;14) . The der (13;14) is the most prevalent RT in the general population, accounting for 75% of cases. 46 Although a der (13;14) carrier parent has only a 1% empiric risk for having a liveborn child with an unbalanced der (13;14) , there is a more significant risk for multiple miscarriages due to malsegregation during meiosis. Thus, although any RT identified in a POC by chromosome studies should result in subsequent parental chromosome studies, the identification of a nonhomologous RT increases the likelihood of an abnormal parental chromosome result, particularly in families experiencing multiple miscarriages.
As FISH testing represents a limited view of the genome, the identification of acrocentric trisomies presents a conundrum as to the etiology of the trisomy, i.e., pure trisomy versus a RT. Our POC data on acrocentric trisomies identified by chromosome studies can be extrapolated to predict the number of trisomies observed by FISH that could be due to an unbalanced RT (Table 6 ). By performing a simple calculation, the percentage of total trisomies due to RT identified by chromosome analysis were calculated and used to extrapolate a theoretical RT cause for trisomy of chromosomes 13, 21, and 22 identified by FISH. As an example, chromosome studies identified 89 cases with trisomy 13, of which nine (10%) represented a RT. The FISH panel identified 15 cases with trisomy 13 for which 10% would yield 1.5 or approximately two cases theoretically due to a RT. The most frequent acrocentric trisomy identified by chromosome studies was chromosome 22 and included 161 cases, with only one case representing a RT. Thus, the incidence of a RT as the cause for trisomy 22 in POC samples is extremely low, suggesting minimal concern for a RT origin of ϩ 22 identified by FISH. Based on the frequency of trisomy 15 observed in our POC chromosome series (110 cases or 10% of all trisomies; Table 4 ), we have recently added a chromosome 15 probe into our POC FISH panel.
Maternal cell contamination and an unidentified tissue source in POC specimens
Although unidentified tissue grew well in culture, these tissues likely contained heavy maternal cell contamination or represented pure maternal tissue, as our results indicated only 55 cases of 46,XY and 1004 cases of 46,XX (XY:XX sex ratio of 0.05, Table 2 ). The overgrowth of maternal decidua in the unidentified tissue samples is likely responsible for the low abnormality rate of only 9% by chromosome studies. Thus, the "successful chromosome analysis" obtained in 85% of unidentified tissue samples may mean little, as the 46,XX result is generally maternal in origin.
However, of the 1366 cases of unidentified tissue, 102 samples were identified with abnormal chromosome results, and 23 samples were identified with an abnormal FISH result (Fig. 1) . Of the 102 abnormal chromosome results, 32 had an XX sex chromosome complement and a balanced structural rearrangement, including six samples with a 13;14 RT. It should be noted that our clinical interpretation of these XX balanced structural abnormality results from unidentified tissue sources, emphasize the significant possibility that the chromosome results represent the maternal karyotype, and indicate the need for a follow-up maternal peripheral blood chromosome study and a genetic consultation.
A total of 93 abnormalities were detected in unidentified tissues by chromosome or FISH studies, which were trisomy, triploidy, tetraploidy, or an unbalanced structural abnormality. Thus, of 1366 cases of unidentified tissue, 93 (7%) cases yielded an abnormal result likely representing the cause of the fetal demise. The pursuit of genetic studies on unidentified tissues is an individual laboratory decision and obviously resulted in an overall low yield (7% abnormal fetal and 2% abnormal maternal) in our dataset. However, we believe that the evaluation of these tissues is still warranted as the identification of the abnormal results can provide clinically relevant genetic information, although the interpretation must clearly indicate if these results represent the fetal genome, the maternal genome, or possibly both genomes.
Genetic testing algorithm for POC samples
Conventional chromosome analysis continues to be the current gold standard for genetic analysis of POC specimens. However, the generation and propagation of tissue cultures, the expense of technologist effort, and the time required to generate a complete chromosome analysis are significant. In addition, culture failure due to microbial contamination or nonviable tissue results in an unsuccessful outcome in 20% of POC samples. These multiple issues suggest that other testing modalities, including FISH, array CGH, and MLPA, are viable candidates in a potential genetic testing algorithm for POC samples. The use of molecular cytogenetic techniques, specifically array CGH and MLPA, have been investigated for genetic analysis of POC samples. 16 -21,47,48 Similar to FISH, array CGH and MLPA circumvent the need for cell culture, thereby reducing the incidence of maternal cell overgrowth and possibly negating the effects of microbial contamination. The use of subtelomeric MLPA in POC specimens should identify all trisomies and unbalanced translocations but will miss polyploidy, 47 unless an concurrent FISH panel is also evaluated. 48 Additionally, array CGH removes the analytic ambiguity of poor chromosome morphology and provides a greater genomic resolution than both chromosome and FISH analysis. However, difficulties in interpretation of array CGH occur due to the detection of polymorphisms or variations of unknown clinical significance, in addition to the missed identification of balanced rearrangements and polyploid states. A possible algorithm for the evaluation of POC specimens could be a FISH panel that identifies the common trisomies, triploid, and tetraploid miscarriage cases followed by array CGH as a reflex test. 15 Further larger studies are needed to assess the combination of chromosome analysis, FISH panels, array CGH, and/or MLPA to identify the best algorithm for the most accurate, cost-effective, and timely genetic evaluation of POC specimens.
Conclusions
Through this retrospective study of 5555 POC specimens, our data demonstrate that reflex FISH testing has significantly improved the evaluation of chorionic villi and fetal tissue specimens, with an overall abnormality rate of 47% for these tissues. Our study indicates that a targeted panel of FISH probes, including chromosomes 13, 16, 18, 21, 22, X, and Y, will detect approximately 70% of all POC genetic abnormalities detectable by karyotype. A FISH panel may be particularly advantageous for studying fetal tissue, which often results in culture failure. Our data indicate that the genetic evaluation of unidentified tissue from a POC can yield useful information in approximately 10% of specimens; however, as the overwhelming majority of these tissues are likely maternal, the benefits of proceeding with a full genetic evaluation should be carefully considered. An algorithmic approach to genetic testing of POC specimens with an initial screen by a targeted FISH panel may be warranted. However, as illustrated by our RT data, careful interpretation of all POC FISH results is necessary due to its limited view of the genome. Overall, the use of FISH in combination with chromosome analysis proved beneficial and clearly enhanced POC testing in our laboratory.
